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(54) Modeling technique to increase device reliability 

(57) A modeling technique for selectively depopulat- 
ing solder balls (12) (and their respective solder ball 
pads (34), vias (32) and traces or lines (30)) from a con- 
ventional foot print of a ball grid array (BGA) package, or 
land grid array package (LGA) to improve device relia- 
bility. The modeling technique anticipates a routing of 
traces through the gap resulting from the depopulated 
solder balls or lands as additional space for routing 
traces or lines from solder ball or land pads to an exte- 
rior surface of a substrate (14) upon which a semicon- 
ductor die (20) is mounted. An advantage of the present 
invention is that it permits the retention of an optimum 
via diameter while increasing the number of solder balls 
or lands on ever shrinking packages, thereby increasing 
device reliability. 
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2I^LJ he f " eSen, , inVenti0n re,ates 10 field of integrated circuft devices. More specify, but not exclusively 

J^ZfSeZ^Z 9 3rray ( PaCk39e ,0 inCreaSC r ° U,abi,fty 0< ^ PaCk ^ e SUbStrate 
[0002] The parallel drive towards total cost reduction and miniaturization has. in recent years Given rise tn an 
ncreas.ng emphasis on very small IC package solutions. This is particularly evident in cSJS lZ£Z 
such as camcorders and mobile telephone handsets. Despite a forma, definition, P^^ISSSSS 
of the IC they encapsulate are loosely referred to as chip scale packages (CS Ps) 

™L CSPS r ma0y WayS aP idea ' S ° IUti0n ,0 the C0St reduc,ion and miniaturization requirement They offer 
enormous area reduct.ons compared with quad flat package, and have increasing potential to do so wZu, addina svf 
tern level cost. In the best case, CSPs are able to compete today, on a cost per terminal basis wi, qua fta Soes" 

r F 0 r 4 r p T t, ,rom Texas ,nstruments are now avaiiabie at «* wfth « hin ?Z*ZT g 

ScSP iJT Hr te P U ° eS 9 P°* imide - based * CSPs known as MicroStarBGA- "see Figure 1) 
thJ h h f 0t erS ' US6S SOlderall °y balls 12 « the interconnection between the package substrate! 4 and 
InVT k °T 6 PaCka96S iS S ° ,dered - AS With a " SUCh P ackaoes ' ft e solder balls formed betweenTe package 
« TnPr SUS r^ le 10 feti9Ue Wh6n eXP0S6d ,0 CydiC ambient temperature conditions. P 9 

It are ,ncreasin S'y documenting fine pitch BGA industry standards. The finest pitch standard 

1) Lack of package availability from a broad range of suppliers 
25 ma L r a efs° f ** Wi " n0t meet the ^'remerts of even the consumer 

?£E!2S^ f ° r m ° Untin9 SUCh fine PitCh Packa ^ are ^ landing. There 

is united availability of such boards, and in many cases, the higher PCB cost is prohibitive 

5 Be C ief^0 e 50mm SLTrS! ? ^ ° Perati ° nS h manufactu ™9 with such fine pitch BGAs. 

so pie 0 80mm S cSP P s COrnPOnem "* * ° n 8 C0St per te ™ al bas * ^ * exam- 

2, w Clearty ' key !° ,he success,ul ad °P fi °n °' a package that has to meet the twin goals of system cost reduction 
ShT* rT 0, 'T P8 f t 96 reliabiltty - ^ the ba " Pftch shrinks - 11 bec °mes more and more £22 
st2 rS ,H° nS ^n e « ba " j ° im fa,i9Ue P henome ™ mentioned in the introduction. Both the s ze £Z and 

*rr a ^ 

Ball (12) pitch :500um 

Line (30)/Space : 28/42 urn 

Via (32) diameter : 280 um 

45 Solder ball pad (34) diameter : 380 um 

NB pad size is via size + 100 um. 

cemtL ^th-™" 1 rU,eS • baSed 00 deSi9n f ° r re ' iabilit * a " 0W onl V one trace or line (30) to pass between adia- 

ne or trace between adjacent balk will limit the total number of balls that rn^r LJ^S^^mSI 
Tt&ZZT* ,h6re ^ 3 ' imrtati0n ° n h ° W manV ,raC6S ° r " neS ^actuaHy'exte^: £ ^or s^I 
mZOL* Fi9U V^ 0S6S 3 conven,ional ba " fo °tprint (regular pattern of 3 row of balls) having 144 balls fon a 0 5 
Sy^oXT PaCk39e ^ T ° aChi6Ve ** d6nSe ~*» 3 desid - bas fo iiST Theri are tjp 

1 ) Tighten the line/space design rule for the connection traces. This can add cost or may be beyond the capability 
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of the substrate technology. • 

2) Reduce the via diameter. This will reduce the fatigue life of the solder joint. 

3) Reduce the minimum overlap of the ball pad to via (see Figure 

4) . This has negative reliability implications, as it will effect the moisture sensitivity of the package. 

5 

[0010] Figure 5 discloses a routing pattern for 3 full rows of balls, in which: 

Bail (12) pitch : 500 urn 

Line (30) / Space : 28/42 urn 

w Via (32) diameter : 21 8 urn 

Solder ball pad (34) diameter : 31 8 urn 

[0011] Thus, in the case of Figure 4 (and by implication Figure 5), the designer chose option 2. In order to allow two 
traces to route between adjacent balls, the via diameter had to be reduced from 280 um to 21 8 um, which is a violation 
75 of the optimum design rules which call for a via diameter of 280 um. There are significant reliability implications of such 
a modification or change, as is well known in the art. 

[0012] An embodiment of the invention provides a modeling technique for selectively depopulating solder contacts 
(and their respective contact pads, vias and traces or lines) from a conventional foot print of a grid array package (Ball 
Grid Array (BGA), or Land Grid Array (LGA)) to improve device reliability, and a BGA or LGA package so modeled. The 

20 modeling technique anticipates a routing of traces through the gap resulting from the depopulated solder contacts as 
additional space for routing traces or lines from solder contact pads to an exterior surface of a substrate ( 1 4) upon which 
a semiconductor die (20) is mounted. An advantage of an embodiment of the present invention is that it provides an 
easy to use modeling technique (e.g., in this case an Excel spreadsheet) that allows a user to easily predict whether or 
not a preselected number of balls on a specific body size device will be possible. 

25 [0013] Features believed characteristic of the invention are set forth in the appended claims. Embodiments of the 
invention itself, however, as well as other features and advantages thereof, will be best understood by reference to the 
detailed description which follows, read in conjunction with the accompanying drawings, wherein: 

Figure 1 is an exploded sectional view of a ball grid array (BGA) package. 
30 Figure 2 is a cross sectional view of a ball grid array (BGA) package mounted on a printed wiring board (PWB). 
Figure 3 illustrates the current optimum design for vias, solder ball pads and traces or lines. 
Figure 4 illustrates a conventional ball grid array footprint that can be attained when current optimum design rules 
are compromised. 

Figure 5 illustrates a routing pattern for three full rows of balls in the ball grid array footprint of Figure 4. 
35 Figure 6 illustrates a ball grid array footprint with selective ball depopulation, according to one embodiment of the 
invention. 

Figure 7 illustrates the modeling results for the ball grid array footprint of Figures 5 and 6. 
Figure 8 illustrates a routing pattern of a portion of the footprint of Figure 6. 

Figure 9 illustrates a ball grid array footprint with selective ball depopulation, according to another embodiment of 
40 the invention. 

Figure 10 illustrates the modeling results for the ball grid array footprint of Figure 9. 

Figure 1 1 illustrates a ball grid array footprint with selective ball depopulation, according to yet another embodiment 
of the invention. 

Figure 1 2 illustrates the modeling results for the ball grid array footprint of Figure 11. 
45 Figure 1 3 illustrates a ball grid array footprint with selective ball depopulation, according to still another embodiment 
of the invention. 

Figure 14 illustrates the modeling results for the ball grid array footprint of Figure 13. 

Figure 15 illustrates a ball grid array footprint with selective ball depopulation, according to still yet another embod- 
iment of the invention. 

so Figure 1 6 illustrates the modeling results for the ball grid array footprint of Figure 1 5. 

Figure 17 illustrates a worst case elastic strain prediction for conventional ball grid array and selectively depopu- 
lated ball grid array packages as a function of die size. 

* NB. The line/space design rules can be improved upon by reducing the copper film thickness. This will not be discussed 
55 since the principles explained here are applicable to enhance the package reliability for any given metal film thickness. The 

most common compromise, when faced with having to increase routing density, is to use the tightest line/space rule avail- 
able for the given substrate technology, and then to reduce the ball via diameter. This is demonstrated in the example in 
Figure 5, and is the design used for the footprint in Figure 4. 
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for reliability and n^ZZ^t^Z^T^ * P0SSib ' e t0 retUm t0 the optimum desi 9" "* 
design has now increas d s 5^2^27^^.^ ^ ^ °* the 

5 design tools available today to handle this ( ^ * BWare) there are no available so ^re 

8 traces or lines (30) when using V^^S^SS^l °' f ^ We ™ P ' 3Ce Up t0 

ru,e-line/ S pace 20/30 - these number, will S^KEEE SJlS^JT (3 °' "'^ ,8Um 
»o gap between 2 adjacent balls Bv careful ulJS^H T ru e - ,,ne/s Pace numbers are selected) in the resulting 

total bans with Jopd^i^SSn S^JST b- * * iS P ° SSib ' e 10 route as ™» if "« •** 

« 1 51 balls on a 1 0x1 0 mm bodv (40) Fiaure 7 rfi^JL c , uStarBGA ™, package, which comprises 

allows a package designer SaSS ^ "JS^S^ ' ^ 
feasible. In order for the modelina techninup to ^ «/ Preselected number of balls for a specific body size is 

iL - -see: r:zr rz a ssrr-r»r„r 71 Ne * - 

» bene e. the boa, .no mart* numb e ", e ?ha^d ™2 K,*^*."" "T^ *" somatically change the nam- 

eh-* the *e, 9 Jp^S S. * * "* "°~ "» *» 

«..ige.r prefect, ,„ oto a J££ M ^ ** " * ont,M ste ™> »» « «ee 9 e enl.ee ,h. 
[0023] Column 8 is the "Reduced via size (urn)" column The nnmho,* i„ ..,-.<. , 

and, if reduced vias are to be used in conjunction ZZ. re n th,s colu ™ are preselected by a designer 
reduced size. If no reduced size vte -are ST2^?L^^ 3,26 ^ then the deS ' 9ner must P«hoose the 

Eeum^ 

She « ^^^X^T^^ ? 6 nU r re " thiS C0 ' Umn Pr6SeleCted b V a designer 
25 urn copper rule * •selected 42 s numbZt. ? ^ r0W ° f C °' Umn 1 0 is 2a »■ on the otner hand the 

plates two Ls to choose rom ec fcTSSSJ " T T ? C °' Umn 10 ' WhHe ,he CUrrem invention con,em - 

r00261 Column i iTcVhlT' 9 k d 25 Um rules ,or line/s Pa<=e, other can also be used. 

[0026] Column 1 1 ,s the Traces between standard vias" column. The numbers in this column are preselected by a 
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designer and, under currently accepted industry standards, if the 1 8um line/space rule is selected, 2 is preselected and 
placed in each row of column 1 1 . If, on the other hand, the 25um line/space rule is selected, 1 is preselected and placed 
in each row of column 1 1 . As above, this number may change for other line/spacing rules or as industry standards 
change. 

5 [0027] Column 12 is the "Traces per depopulated ball" column. The numbers in this column are preselected by a 
designer and, under currently accepted industry spacing standards, if the 18um rule is selected, up to 12 traces per 
depopulated ball are possible. If the 25um line/spacing rule is selected, up to 8 traces per depopulated bail are possible. 
As above, this number may change for other line/spacing rules or as industry standards change. 
[0028] Column 1 3 is the "Max traces (balls inside) column. This calculates the total number of metal traces that can 

io be placed between the balls (with or without depopulation) on the given row. This equates to the maximum number of 
balls that can be placed on the sum of all the rows inside the given row. 

[0029] Column 14 is the "Max Traces OK?" column. This checks that the number of allowable traces between the 
balls on the given column is sufficient to accommodate all the balls currently specified as present on the sum of the rows 
inside the given row. If not, a warning value of -99999 is calculated, resulting in a non-workable solution. If this non- 
75 workable solution is flagged, then more balls can be depopulated in column 3 until a workable solution is found. 

[0030] Column 15 is the "Total Possible Balls" column. This shows the number of balls on the given row, if the result 
in column 14 is workable. If not, it shows the value zero, and subsequently indicates a non-workable total (zero) in the 
"TOTAL" cell. 

[0031] Column 16 is the "Actual Balls Inside" column. This shows the total number of balls currently present inside 
20 the given row. This is compared to the theoretical maximum balls possible shown in column 13. If the actual is less than 
the theoretical maximum, this indicates a workable solution, and is used to calculate the difference between theoretical 
and actual in column 17. 

[0032] Column 17 is the "Delta" column. This calculates the difference between the actual balls inside the given 
row, and the theoretical maximum number of balls possible inside the given row. The closer to zero, the more difficult 

25 the routing is likely to be. 

[0033] Once all of the "preselected" parameters have been entered into the spreadsheet, a designer is free to enter 
and change numbers "on the fly" in the "Body", "Matrix" and "Balls depopulated per side (col. 3)", in order to predict the 
feasibility of the ball grid pattern selected by the designer. If a positive number comes up for the Total number of balls, 
then the pattern selected by the designer is possible. If, however, a "0" comes up for the Total number of balls, then the 

30 pattern selected by the designer is not possible using the preselected design parameters. 

[0034] Referring back to Figure 7, modeling for the Tl 151 GHZ uStarBGA 1M , package began with the selection of 
a 10x10 mm body (based upon combination of size of die and size limitation request of customer). Next a ball grid 
matrix of 18 (18x18) was selected. Recall from the previous discussions that it is not possible to utilize a full 18x18 ball 
grid array having 324 balls (or any other grid of substantial size for that matter), using optimum design rules, since a 

35 trace or line for each viable die pad must extend to the outer surface of the substrate and there is not enough room 
between ail of the .28 mm diameter vias to accommodate all of the traces. The trick is to intelligently decide which balls 
to depopulate in order to arrive at the desired footprint. So, in the embodiment of Figures 6 and 8, a standard size via 
of 280 urn, a line width of 28 urn - which allows one trace between standard vias and up to 8 traces between two vias 
having a depopulated via spaced therebetween. 

40 [0035] Using the above criteria, the outer most row (row 0) on the gird (having four identical sides) has a maximum 
potential of 68 ball sites with 6 balls being depopulated on each of the four sides of the outermost row, resulting in a 
total number of 44 balls remaining for row 0. The next row in on the grid (row 1) has a maximum potential of 60 ball sites 
with 14 balls being depopulated on each of the four sides of the row, resulting in a total number of 4 balls remaining for 
row 1. The next row in on the grid (row 2) has a maximum potential of 52 ball sites with 0 balls being depopulated on 

45 each of the four sides of the row, resulting in a total number of 52 balls remaining on row 2. The next row in on the grid 
(row 3) has a maximum potential of 44 ball sites with 0 balls being depopulated on each of the four sides of the row, 
resulting in a total number of 44 balls remaining on row 3. The next row in on the grid (row 4) has a maximum potential 
of 36 ball sites with 7 balls being depopulated on each of the four sides of the row, resulting in a total number of 44 balls 
remaining on row 3. No additional rows of ball were selected. Adding all of the balls together results in a package having 

50 a footprint with 152 balls (reduced to 151 balls when the ball in the lower left had corner of row 0 is depopulated), as 
can be seen in Figure 7, which illustrates the results of the selection for this footprint. In this example, the 151 balls actu- 
ally selected are not the maximum or minimum that can be obtained for a 10x10 mm package using the selective 
depopulation of the present teaching. Nevertheless, 151 balls is substantially more than can be obtained on a 10x10 
mm package using conventional footprint design techniques requiring the optimum 280 urn via size. Figure 8 illustrates 

55 a routing pattern of a portion of the footprint of Figure 6 along section lines 1-1. The spreadsheet indicates in fact that 
up to 248 balls could be routed with 280um vias if required (by depopulating on rows 0-5, 6,5,4,2,1 and 1 balls respec- 
tively). 

[0036] Figure 9 illustrates another footprint (41 ), with selective ball depopulation. More specifically, the selective ball 
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depopulated footprint (41 ) shown in Figure 9 is a footprint for the Tl 240 GHZ uStarBGA ™ w * 

240 balls on a 10X10 mm body (40). The Tl 240 GHZ uStarfiGA « Z^lt USta f, GA J packa 9 e - wtl,ch «>mpnses 
1fw , n . . .. 1 ' ' e " ^ w u&tarBGA ™, package mode ing beaan with the selection nf a 

5 r s. , s^ritirr traces beween s,andard - and - » » ~ 

Sai off'^rsriZ^IZ??^; th h e oute : most row (row 0) on ,he 9ird (havin9 ,our idemical sides > has a ™™ 

potential of 64 ball sites with 3 balls be.ng depopulated on each of the four sides of the outermost row resultinn in . 

r , ? he ne : tsz z St? h s r ,our sides of ,he row - resu,tin9 in a totai number - 48 ba,is ^ S 

I-nh ' , ,k ? T °" thS 9nd (r0W 2) has a maxi ™™ Potential of 48 ball sites with 2 balls being depopulated on 
each of the four s,des of the row, resulting in a total number of 40 balls remaining on row 2. The next roZ Z he arid 

2 " a t r m T ? 40 ba " ^ ^ 1 ba " bei " 9 de P°P«'^d on each of the fou "des f the row 

,5 m » total number of 36 balls remaining on row 3. The next row in on the grid (row 4) has a maximum potential 
»« of 32 ball srtes wrth 0 balls being depopulated on each of the four sides of the row resulting in a total number o, 32 ba b 
remains on row 4. The next row in on the grid (row 5) has a maximum potential of 24 ball sites wi^O ba Is beino 
depopulated on each of the four sides of the row, resulting in a total number of 24 balte remaining oTol Th 2 
ow ln on the grid (row 6) has a maximum potential of 16 bal. srtes with 4 balls being depopulated on each of , he E 

20 Hi , 71' : eSUltin9 ^ 3 ,0,al nUmbef ° f ° ba " S remaini "9 on ™ 6 - The row in on the gr id (row 7 las a max 
I k P f " 0 L a '; f 8 ba " Sit6S With ° ba " S bein 9 ^populated on each of the four sides of the row rZllal aTota 
number of 8 balls remaining on row 7. No additional rows of ball were selected. Adding all of^JTtSXi ^ui 

Zr^VT^T n T Tr?' as can be seen in Fi9ure 10 ' which ^ * 

tor the footprint. As the above-described 151 ball footprint example, the 240 balls actually selected are not tha m-vT 

2s \tz r mu ™ t 030 be ° btained for a 1 0x1 ° mm packa ^ «*■ the se|act - •SSSK^pSirs' 

olintJ^ f , ^ SUbStan,ial, y more than oe obtained on a 10x10 mm package usin Tool n iona 
footprint design techniques requiring the optimum 280 urn via size conventional 

[0038] Figure 1 1 illustrates yet another footprint (43), with selective ball depopulation More specificallv the seiPr 
tive ball depopulated footprint (43) shown in Figure 1 1 is a footprint for the Tl 288 GZG uStoTCA*^2iae wtE 

so t oT fT^x rml%r Sed^ ^ ^ Tl 2M GZG UStarBGA ™ ^ sec- 
tion ot a 12x12 mm body (based upon comb.nation of size of die and size limitation request of customed N*vt a ha.i 

rsp e rd b ^^ 

Tow , Th ? depopu,ated on each of the four si °es of the row, resutting in a total number of 68 ba,.s remainina for 

ZLu, T 7 ,n °1 9rid (r ° W 2) h3S 3 maXimUm P0,ential of 64 ° a » •*« wrth 0 balls being ipoZ ed on 
each of the four s.des of the row, resulting in a total number of 64 balls remainina on row ? Th» nf!? aepopulated on 

- (row 3) has a maximum potential of 56 bal. srtes with 0 bads b*££Z2 o ach of he four s^ of the'ro 
resuttmg in a total number of 56 balls remaining on row 3 The next row in on «»™« # ! T ° W ' 

s m on the grid (row 6) has a maximum potential of 32 ball srtes with 1 ball being depopulated on eactTof thelo^ 
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comprises 240 balls on a 12x12 mm body (45). The Tl 240 GZG uStarBGA ™, package modeling began with the selec- 
tion of a 12x12 mm body (based upon combination of size of die and size limitation request of customer). Next a ball 
grid matrix of 21 (21x21) was selected. In the embodiment of Figure 13, a standard size via of 280 urn, a line width of 
18 urn (less than current optimum design rules) - which allows two traces between standard vias and up to 12 traces 

5 between two vias having a depopulated via spaced therebetween. 

[0041] Using the above criteria, the outer most row (row 0) on the gird (having four identical sides) has a maximum 
potential of 80 ball sites with 8 balls being depopulated on each of the four sides of the outermost row, resulting in a 
total number of 48 balls remaining for row 0. The next row in on the grid (row 1 ) has a maximum potential of 72 ball sites 
with 1 ball being depopulated on each of the four sides of the row, resulting in a total number of 68 balls remaining for 

10 row 1. The next row in on the grid (row 2) has a maximum potential of 64 ball sites with 2 balls being depopulated on 
each of the four sides of the row, resulting in a total number of 56 balls remaining on row 2. The next row in on the grid 
(row 3) has a maximum potential of 56 ball sites with 4 balls being depopulated on each of the four sides of the row, 
resulting in a total number of 40 balls remaining on row 3. The next row in on the grid (row 4) has a maximum potential 
of 48 ball sites with 12 balls being depopulated on each of the four sides of the row, resulting in a total number of 0 balls 

15 remaining on row 4. The next row in on the grid (row 5) has a maximum potential of 40 ball sites with 1 0 balls being 
depopulated on each of the four sides of the row, resulting in a total number of 0 balls remaining on row 5. The next row 
in on the grid (row 6) has a maximum potential of 32 ball sites with 1 ball being depopulated on each of the four sides 
of the row, resulting in a total number of 28 balls remaining on row 6. The next row in on the grid (row 7) has a maximum 
potential of 24 ball sites with 6 balls being depopulated on each of the four sides of the row, resulting in a total number 

20 of 0 balls remaining on row 7. The next row in on the grid (row 8) has a maximum potential of 16 ball sites with 4 balls 
being depopulated on each of the four sides of the row, resulting in a total number of 0 balls remaining on row 8. The 
next row in on the grid (row 9) has a maximum potential of 8 ball sites with 2 balls being depopulated on each of the 
four sides of the row, resulting in a total number of 0 balls remaining on row 9. No additional rows of ball were selected. 
Adding all of the balls together results in a package having a footprint with 240 balls, as can be seen in Figure 1 4, which 

25 illustrates the results of the selection for this footprint. The 240 balls actually selected are not the maximum or minimum 
that can be obtained for a 12x12 mm package using the selective depopulation of the present teaching. As above, 240 
balls is substantially more than can be obtained on a 12x12 mm package using conventional footprint design tech- 
niques requiring the optimum 280 um via size. 

[0042] Figure 15 illustrates still yet another footprint (49), with selective ball depopulation. More specifically, the 

30 selective ball depopulated footprint (49) shown in Figure 15 is a footprint for the Tl 256 GZG uStarBGA ™, package, 
which comprises 256 balls on a 12x12 mm body (45). The Tl 256 GZG uStarBGA ™, package modeling began with the 
selection of a 12x12 mm body (based upon combination of size of die and size limitation request of customer). Next a 
ball grid matrix of 21 (21x21 ) was selected. In the embodiment of Figure 15, a standard size via of 280 um, a line width 
of 1 8 um (less than current optimum design rules) - which allows two traces between standard vias and up to 12 traces 

35 between two vias having a depopulated via spaced therebetween. 

[0043] Using the above criteria, the outer most row (row 0) on the gird (having tour identical sides) has a maximum 
potential of 80 ball sites with 8 balls being depopulated on each of the four sides of the outermost row, resulting in a 
total number of 48 balls remaining for row 0. The next row in on the grid (row 1) has a maximum potential of 72 ball sites 
with 1 ball being depopulated on each of the four sides of the row, resulting in a total number of 68 balls remaining for 

40 row 1. The next row in on the grid (row 2) has a maximum potential of 64 ball sites with 0 balls being depopulated on 
each of the four sides of the row, resulting in a total number of 64 balls remaining on row 2. The next row in on the grid 
(row 3) has a maximum potential of 56 ball sites with 2 balls being depopulated on each of the four sides of the row, 
resulting in a total number of 48 balls remaining on row 3. The next row in on the grid (row 4) has a maximum potential 
of 48 ball sites with 12 balls being depopulated on each of the four sides of the row, resulting in a total number of 0 balls 

45 remaining on row 4. The next row in on the grid (row 5) has a maximum potential of 40 ball sites with 1 0 balls being 
depopulated on each of the four sides of the row, resulting in a total number of 0 balls remaining on row 5. The next row 
in on the grid (row 6) has a maximum potential of 32 ball sites with 1 ball being depopulated on each of the four sides 
of the row, resulting in a total number of 28 balls remaining on row 6. The next row in on the grid (row 7) has a maximum 
potential of 24 ball sites with 6 balls being depopulated on each of the four sides of the row, resulting in a total number 

50 of 0 balls remaining on row 7. The next row in on the grid (row 8) has a maximum potential of 16 ball sites with 4 balls 
being depopulated on each of the four sides of the row, resulting in a total number of 0 balls remaining on row 8. The 
next row in on the grid (row 9) has a maximum potential of 8 ball sites with 2 balls being depopulated on each of the 
four sides of the row, resulting in a total number of 0 balls remaining on row 9. No additional rows of ball were selected. 
Adding all of the balls together results in a package having a footprint with 256 balls, as can be seen in Figure 1 6, which 

55 illustrates the results of the selection for this footprint. The 256 balls actually selected are not the maximum or minimum 
that can be obtained for a 1 2x12 mm package using the selective depopulation of the present teaching. As above, 256 
balls is substantially more than can be obtained on a 12x12 mm package using conventional footprint design tech- 
niques requiring the optimum 280 um via size. 
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Boaro level reliability of conventional and •Smart-Foot™ packages. 



Table 1 




[0045] Other design and test features used for this test are as follows: 



Temperature range 
Ramp time 
Dwell time 
Board land type 
Board material 
Board thickness 
Land design 
Land diameter 



: -40/125 degC 

: 2-5minutes 

: 1 l-13minutes 

: Copper, NiVAu plated 

: FR4 

: 0.80mm 

: Non-soldermask defined 
: 0.20mm * 



[0049J Wrth a somewhat -custom' approach to package design, various crit.isms can be anticipated: 

context of the reliabilj benefte apphcat.ons, a somewhat 'custom' footprint is easily justified in the 

v:citz^^t^st^ pr r m - Actuai,y - there is n ° — sys - - 

out configuration In the case li lZr lZ l Smart ; Fo ° , ™ Sprint may actually be easier because of the spread 

^SSS^sr?; ,onser r 9n ^ cost of the ^ * 

are the samefn bSJ^u*™^ Pr0CeSS6S are iden,ical - The P acka 9e materials used 

substrate sss^sz^^^^z^^ avoids the use o< hi9hercost 

4) That thPrP max, h« Ath^r , y S ratnertnan tn e conventional one metal layer) 

^^ciysx ssisss r r, r*"* issue men,ioned abJ csps ^ 

quacy. This normal^ involves an ! nde J Sr^? 1 2!!3S- ,D "TT - * inade " 
- board. This glue re.ieves the stress 

• Op«m um diameter is 0.25-0.30™. The boards procured for this test dM no, ,nee, the original specHication. 
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beneath the package. This is an effective technique, but adds significant cost Thus use of higher reliability solu- 
tions such as the 'Smart-Foot 1 ™ can save system level cost. 

[0050] In conclusion, taking an innovative approach to package design using a 'Smart-Foot™ package can provide 
5 several benefits. 

1) A board level reliability improvement of 2-3 times that of conventional designs. 

2) Potential for cost saving by avoiding additional processes such as underfill. 

3) No additional costs are created for the package, the customer's board, or the customer's process. 

10 

[0051] In view of the foregoing description it will be evident to a person skilled in the art that various modifications 
may be made within the scope of the invention. 

[0052] The scope of the present disclosure includes any novel feature or combination of features disclosed therein 
either explicitly or implicitly or any generalisation thereof irrespective of whether or not it relates to the claimed invention 

75 or mitigates any or all of the problems addressed by the present invention. The applicant hereby gives notice that new 
claims may be formulated to such features during the prosecution of this application or of any such further application 
derived therefrom. In particular, with reference to the appended claims, features from dependent claims may be com- 
bined with those of the independent claims and features from respective independent claims may be combined in any 
appropriate manner and not merely in the specific combinations enumerated in the claims. 

20 [0053] Insofar as embodiments of the invention described above are implementable, at least in part, using a soft- 
ware-controlled programmable processing device such as a Digital Signal Processor, microprocessor, other processing 
devices, data processing apparatus or computer system, it will be appreciated that a computer program for configuring 
a programmable device, apparatus or system to implement the foregoing described modelling techniques is envisaged 
as an aspect of the present invention. The computer program may be embodied as source code and undergo compila- 

25 tion for implementation on a processing device, apparatus or system, or may be embodied as object code. The skilled 
person would readily understand that the term computer in its most general sense encompasses programmable 
devices such as referred to above, and data processing apparatus and computer systems. 

[0054] Suitably, the computer program is stored on a carrier medium in machine or device readable form, for exam- 
ple in solid-state memory or magnetic memory such as disc or tape and the processing device utilises the program or 
30 a part thereof to configure it for operation. The computer program may be supplied from a remote source embodied in 
a communications medium such as an electronic signal, radio frequency carrier wave or optical carrier wave. Such car- 
rier media are also envisaged as aspects of the present invention. 

Claims 

35 

1 . A modeling technique for selectively depopulating solder balls and their respective solder ball pads, vias and traces 
or lines from a conventional foot print of a grid array package to improve device reliability. 

2. The modeling technique of Claim 1, wherein said technique utilizes a spreadsheet to predict the practicality of a 
40 selected foot print for a grid array having selectively depopulated contacts and their respective contact pads, vias 

and traces or lines. 

3. The modeling technique of Claim 1 , wherein said technique utilizes an automated process to predict the practicality 
of a selected foot print for a grid array having selectively depopulated contacts and their respective contact pads, 

45 vias and traces or lines. 

4. The modeling technique of any one of the previous claims, wherein a user of said technique can selectively vary 
the anticipated body size of a substrate in said grid array package. 

50 5. The modeling technique of any one of the previous claims, wherein a user of said technique can selectively vary 
the anticipated matrix of contact sites in said ball grid array package. 

6. The modeling technique of any one of the previous claims, wherein a user of said technique can selectively vary 
the number of balls he anticipates depopulating from each side of a row in order to affect the total number of contact 

55 sites on a selected grid array package. 

7. The modeling technique of any one of the previous claims, wherein said grid array package is a ball grid array pack- 
age. 
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8. A product produced using the modeling technique of any one of the previous claims. 

9 ' LToSof f h H iqUe depopute,in 9 e,ectrical ">"tac«s and their respective vias from a conventiona. 

foot print of a grid array package to improve device reliability. conventional 

10. The modeling technique of Claim 9, wherein said technique utilizes a spreadsheet to predict the oracticalftv of a 

s^sr* a 9rid array havin ° se,ect ^ depopuiated ^ and * eir i 

1 1 ■ If! TT,?, teChn '' qUe ° f C ' aim 9 ' Wher6in $aid technk » ue utiliMS an aut °™"* process to predict the practical 

v°L; ™: r E for a 9rid array havin9 selective * depopu,a,ed ~~ and - 

13. The modeling technique of any one of Claims 9-12, wherein a user of said technique can selectively vary the antic 
ipated matrix of contact sites in said ball grid array package. V * 

14 ' ? 9 J eCh , niqUe ° f ° f C ' aimS 9-1 3 ' Wherein a user ° f said tech "^e can selectively van, the 

of Ton ^ t ^ antidPa,eS de P°P ulati "9 f ™ ««* -de of a row in order to affect the tota3 er 

of contact sites on a selected grid array package. numoer 

15. The modeling technique of any one of Claims 9-14. wherein said grid array package is a ball grid array package. 

16. The modeling technique of Claim 15, wherein said grid array package is a land grid array package. 

17. A product produced using the modeling technique of Claim 15. 

✓ 

19. A computer program comprising computer or machine-readable computer program means translatable for imm* 
menting the modelling technique of any one of claims 1 to 1 6. translatable for imple- 
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